INTRODUCTION
The Multi-Channel Analysis of Surface Waves (Park, et al., 1999; Suto, 2007 ) is a surface wave seismic method. It is particularly suited to characterisation of the near-surface by Swave velocity structure. In Australia, its recent application include investigation of depth and nature of landfill (Scott and Suto, 200; Suto and Lacey, 2011; Suto and Cenic, 2012) ; tailings dam , search for palaeochannel (Suto, 2012) and determining depth of screw piers (Frederick and Tayler, 2012) .
The sites of landfill are typically in the low profile areas in the round, often in the valleys. The material used for landfill may be brought from nearby cutting or domestic and industrial refuge, and not often documented. Even it is documented, the state of the fill after a number of years of fill and compaction is not known until it is surveyed. The MASW applications to these sites are usually for investigation of thickness and strength of the fill material to build structures upon.
SURVEY OUTLINE
Brisbane's Airport Link Tunnel (Figure 1 ) was planned in 2008 to directly connect Brisbane City and the Airport, and completed in 2012. The 6.7 kilometre tunnel passes under the suburban residential, retail and industrial areas. A part of its passage is a former quarry for rocks. The site was filled and is
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Key words: MASW, Engineering Application, Landfill, Tunnelling. currently used as a shopping centre and its car park. It is the site of the present study. The bottom of the fill is, therefore, not a natural surface, but the floor of the quarry.
For tunnelling, the depth of this floor is the most of the concern, because if the tunnelling bores this floor through from underneath into the uncontrolled fill material, then there is a severe risk of damaging the structure build on the ground. To ensure the tunnel stays within the competent rock layer, the knowledge of the depth of the floor of the former quarry is essential.
DATA ACQUISITION
Four survey lines are surveyed along the long axis of the car park 120 metres long about 8 metres apart (Figure 1 ; bottom). The survey took place during the night time, when the retailers' car park is empty, and the noise from the nearby main road traffic is relatively quiet. The lines were surveyed from south to north. The data acquisition parameters are summarised in Table 1 . Figure 2 shows shot records along one of the survey lines. Particularly noisy traces were noted to the north of the area (between the red and blue dots in Figure 2 ). These noise areas were apparent on the three eastern lines, but not the westernmost line. The nature of this noise did not appear to be related to any surface feature, drainage or buried electric cable.
DATA QUALITY AND ANALYSIS
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Figure 2. Seismic records along Line C. Red and Blue dots denote the start and end of the "noisy" area, respectively.
The data were analysed at every 6 metres using SurfSeis 2.15 software by Kansas Geological Survey. The noisy area showed less coherent dispersion characteristics in the frequency-velocity domain.
INVERSION RESULT
The dispersion curve extracted in the frequency-velocity domain was inverted to S-wave velocity structure. Figure 3 shows four representative velocity profiles along one of the lines. The points from the "noisy" area presented a very high S-wave velocity from the surface (The third profile in Figure  3 ). The severe velocity reversal around 20 metre deep of this particular profile is perhaps a processing artefact.
The S-wave velocities are interpolated and colour-coded to make S-wave velocity sections (Figures 4a and 4b ). Line D ( Figure 5 ) did not present the "noisy zone" and shows "quiet" section. . 
HORIZONTAL SLICES
The velocity sections of the four lines are then interpolated 3-dimensionally to create horizontal slices and displayed at every 5 metres from the surface ( Figure 5 ).
Both Figures 4 and 5 show the S-wave velocity reaches 700m/s at the depths 10 to 15 metres (indicated by red in Figures 4 and 5) .
DISCUSSION
The S-wave velocity structure of the site showed a localised shallow high-velocity area. This high-velocity area corresponds to the noisy parts in the seismic record. This is perhaps some hard material left in the quarry unmined. A historical aerial photo of the area from 1955 ( Figure 6 ) shows some storage tanks in the area and some different structure is seen around the area of the shallow high-velocity feature.
A borehole drilled to the north of the site showed hard tuff at around 13 metres deep ((pers. corr.) suggesting the depth of the floor of the quarry. The corresponding S-wave velocity at this point is about 500m/s, which is indicated by yellow in the S-wave velocity sections.
The depth of the quarry floor appears uneven in places, about 8 metres below surface and over 12 metres to the north of the unmined section.
The S-wave velocity over 700m/s (indicated by red) is considered as rocks hard enough to be stable with some safety factor. The planned depth of the tunnel in this section was more than 20 metres under the ground and it was not considered to interfere the fill. Figure 7 shows perspective views of the S-wave velocity structure. At the designed depth of tunnel deeper than 20 metres, the S-wave velocity is much higher than 700m/s.
CONCLUSIONS
An MASW survey was carried out in a fill site of old rock quarry to estimate the depth of the fill prior to boring of Airport Link Tunnel in Brisbane's north.
The depth of the quarry floor was estimated around 8m below the surface in the south of the unmined wall; and over 12m to the north. This is well above the planned depth of the tunnel of more than 20 metres.
The S-wave velocity of the rock around the depth of the tunnel was estimated higher than 700m/s, and is considered to be stable for tunnelling.
The tunnel was completed in July 2012. There were no difficulties or safety issues reported during and after drilling this section.
The MASW survey contributed in the geotechnical investigation of the tunnel route. 
